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The writer of this thesis has al1Vays been interested in 
improvement of instruction in arithmetic. It is believed that the 
present investigation will be quite beneficial in showing what 
progress has been made in teaching methods and will serve to direct 
the teacher of elementary arithmetic toward a renewed interest in the 
best possible instructional procedures. This work consists of a 
survey of articles of published research in the field of elementary 
arithmetic. They have been classified under many headings to facil-
itate their use. 
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Many articles are published each year pertaining to elementary 
arithmetic . Some of these may very properly be designated "mere 
opiniontt while others may very properly be classified as "research". 
Because of the large number of such articles appearing in print 
pertaining to some aspect of arithmetic, no doubt a service may be 
rendered to teachers of the subject by evaluating and classifying 
them as research or otherwise. From this situation grew the problem 
of .this thesis, the title of 'Which may be stated as follows: 
! Compilation£! Published Research~ Elementary Arithmetic~ 
1931. Such a guide should be useful to teachers of arithmetic in 
classrooms wherever they may be. 
Research has been defined in various nys by different inves-
tigators. Whitney defines research as a state of mind-a friendly, 
1 welcoming attitude toward change. C. c. Crawford at the University 
of Southern California explains research after this fashion: Research 
is simply a refined technique of thinking, employing specialized 
tools, instruments and procedures in order to obtain a more adequate 
solution of a problem than would be possible under ordinary means. 
It starts with a problem, collects facts, analyzes these critically 
and reaches decisions based on the actual evidence. It involves 
1. Frederick Lalllson Whitney, The Elements of Research 
(New York: Prentice Hall, Inc., 1942)-;""p'. 19. -
2 
original work rather than exercise of mere opinion. It evolves from 
genuine desire to know rather than a desire to prove something.2 
According to Webster, it is careful or critical inquiry or examina-
tion seeking facts or principles, diligent investigation in order 
to ascertain something.3 Likewise, in the Dictionary of Education 
by Good, research is said to be of such a nature that others would 
get the same result. 4 But for the purpose of this studJr the term 
research will be used to mean a study which starts with a problem, 
collects facts, analyzes these critically and reaches decisions 
based on the obtained facts. It will usually consist of an exper-
iment in which the sample is general enough that others would get 
the same results • 
This assembly began lrl. th the year 1932 because December, 1931, 
marks the close of a similar survey by Guy T. Buswell and C.H. 
Judd, who published a monograph5 in 1925 based on research in elemen-
tary arithmetic up to that time. Buswell issued seven annual 
supplements to the original monograph, bringing t he total number of 
articles and books reviewed to 697. The final supplement included 
research published and reported during the entire year of 1931. 
2. ~•, P• 20. 
3. A. Merriam Webster, Webster I s Collegiate Dictionary, 
5th Edition, P• 847. 
4. Carter V. Good, Dictionary of Education (New York: 
McGraw Hill Book Co • ., Inc., 1945), p. 3'46. 
5. G. T. Buswell, Survey of Research in Elementary Arithmetic 
(Chicago: University of Chicago Press, 1925),212 PP• 
3 
Since that time, Leo J. Brueekner, as well as Buswell, continues to 
report through the Elementary School Journal on selected references 
in elementary arithmetic, but does not distinguish between research 
articles and those of critical .discussion which do not bear the ear-
marks of research. This fact is clearly set forth by a number of 
authorities in the field.6 The number of n0n-research articles is 
not only increasing, but it is believed that many articles which 
have been considered research should not be classified as such. 
Buswell challenges the field to recapture the spirit of true research 
that we might progress in effective teaching of arithmetic. 7 
The problem is limited to scientific investigations reported 
in the field of elementary arithmetic since 1931. Algebra and 
geometry, even though sometimes taught in the elementary school, 
will not be included. While completeness is attempted, caution will 
be taken to include only those articles which in the opinion of the 
author can be classified as research. 
The survey method was employed in securing the data. Since 
it was nGt possible to obtain and appraise every investigation in 
the field of elementary arithmetic over such a long period, some 
articles were excluded on the ground that the titles suggested they 
6. W. S. Monroe and M. D. Engelhart, A Critical Summary £! 
Research Relating to the Teaching of Aritlnnetic (University of 
Illinois, College ol Education, Bureau of Educational Research. 
Bul. No. 58. Urbana: University of Illinois, 1931), 115 PP• 
7. G. T. Buswell, "Outlook for Research in Arithmetic," 
Elementary School Joumal, XLVII (January, 1947), 243. 
4 
were not research . The selected references published in the Elemen-
School Journal were helpful in discovering many of the citations 
in this study. Also, the references given in the Education Index 
include articles of research together with numerous articles which 
did not measure up to the desired standard. Other sources and 




RF.SEARCH PERTAINING TO ARITHMETICAL FUNDAMENTALS 
More research has been conducted pertaining to the funda-
,ment.al operations than any other phase of arithmetic. Not only 
does the study of the four fundamental operations-addition, sub-
traction, multiplication and division--make up a large pa.rt of the 
elementary arithmetic curricula, but it is the basis for all other 
phases of arithmetic. It is for this reason that it is placed first 
in this compilation. 
Concepts of Pre-School Children 
Children learn quite a few quantitative ideas before they 
begin formal study of arithmetic. As these ideas are very important 
in determining later progress, it is highly necessary that the 
primary teacher be familiar with the amount and nature of the child's 
understanding of the number system. The following studies reveal 
many astounding facts relative to concepts of pre. ,school children. 
Carper, Doris, "Seeing Numbers as Groups in Primary-Grade 
Arithmetic," Elementary School Journal, XLIII (November, 
1942), 166-70. 
Reports a study of the comparative effectiveness of 
counting and grouping in the development of certain 
mathematical concepts. 
Grant, Albert, "An Analysis of Number Knowledge of First 
Grade Pupils According to Levels of Intelligence." 
See Correlation with Intelligence. 
Koenker, R. H., "Arithmetic Readiness at the Kindergarten 
Level," Journal .2.f Educational Research, XLII (November, 
1948), 218- 23 . 
Value of arit hmetic readiness program together with a 
s tudy of child interest in activities based on their 
needs and experiences . 
MaoLactccy, Josephine, "Number Abilities of First-Grade 
Children,• Childhood Education., XI (May, 193.5)., 344-7. 
Presents evidence on number experiences of pre-school 
children. 
Mott, Sina M., "Number Concepts of Small Children," The 
Mathematics Teacher, XXXVIII (November, 1945), 291-301. 
Reports data gathered through individual interviews 
regarding forty-four pupils of kindergarten age. 
Stotlar., Carolyn., "Arithmetic Concepts of Pre-School 
Child.rent~ Elementary School Journal, XLVI (February, 
1946), 342-5. 
Experiment testing knowledge of pre-school children 
finding wide range of skills. 
Addition and Subtraction 
6 
Addition and subtraction are very closely related and are 
often taught together . It has also been convenient to study the 
problems of addition and subtraction together in a number of cases. 
The work in addition and subtraction of fractions presents problems 
of a special nature and is taken up in a separate section. 
Berlund-Gray, Gungorg. and Robert V. Young., "The Effect 
of Process Sequence on the Interpretation of Two-Step 
Problems in Arithmetic." See Relative Difficulty 
and Errors. 
Brownell, w. A., "Borrowing in Subtraction," Journal of 
Educational Research, XXXIII (February, 1940), 41~4. 
A review of a larger study in third grade arithmetic. 
Brownell, W. A. , "An Experiment on Borrowing in Third.-
Grade Arithmetic.," Journal~ Educational Research, 
XLI (November, 1947), 161-71. 
Experiment reveals that there are merits to various 
methods, but consideration of the value of the 
instruction is at stake. 
Brownell, w. A.., "Study of Iaarning in One Phase of 
Arithmetic." See Problem Analysis. 
Grossnickle, F. E., "The Effectiveness of Checking Sub-
traction by Addition," Elementary School Journal, 
XXXVIII (February, 1938), 436-LJ.. 
Checking should not be taught with the process, but 
after the pupil understands its value. 
llaeLatccy, Josephine H., "Another Measure of Difficul"t7 
of Addition Combinations," Educational Research 
Bulletin, XII (March B, 1933), 57-61. 
Familiarity with the combinations upon entering 
school is a factor in learning. 
Smith, Henry Lester, and Merrill T. Eaton, "An Analysis 
of Efficiency in Addition," Twenty-Fourth Annual~-
ference on Educational Measurements, (Bulletin of the 
School orEducatlon, Indiana University, Vol. XII, 
No. 4) • moomington, Indiana: School of F.duca tion, 
Indiana University, 1937, pp. 52-78. 
Reports an inverstigation with college students with 
various conditions of drill in addition. 
Wheeler, Lester R., "A Comparative Study of the Diffi-
culty of the 100 Addi ti.on Combination," ... edafofical 
Semina1' and Journal of Genetic Psychology,! (June, 
1939}, 9>-J12. -
Extensive correlations and difficulty ratings expressed, 
but recommends further etudy. 
Wilburn, D. Banlcs, "A Method of Self-instruction for 
Leaming the Thirty-Six Addition Combinations with 
Sums from El.even to Eighteen and Their Corresponding 
Subtraction Facts in Grade II," Ma.thematics Teacher, 
XXXVIII (October, 1945), 246-$1. 
A stuct,- of the achievement of sixty-four pupils with 
a method of self-instruction for learning the addition 
combinations. 
7 
Wilson, Guy M., "For 100 Per Cent Subraction, What Method? 
A New Approach," Journal of Educational Research, 
XXVII (March, 1934), 503-'B: 
Shows evidence of ma~ methods of teaching subtraction, 
but recommends that we stick to one method to eliminate 
confusion of students. 
Fractions 
Under the heading of fractions is listed research the type 
8 
of research studies pertaining to decimals, ratios and percentages 
as well as those pertaining to common fractions. It is believed 
that this arrangement will facilitate the use of this compilation of 
research in analyzing the best methods of classroom instruction. 
Becker, Angeline L., "Remedial Work in the Addition of 
Common Fractions," California Journal of 'Elementary 
Education, II (August, 1940), 43-47. -
Gives data on types of errors in fractions in a 
sixth-grade class, and suggests four methods of 
improving teaching of fractions. 
Guiler, W. So, 11Difficul ties Encountered in Percentage 
by College Fresbmen, 8 Journal of Educational Research, 
XL (October, 1946), 81-95. -
Difficulties in percentage encountered b~ adults may 
be an indication of poor teaching. 
Guiler, W. S., "Difficulties Encountered by College Fresh-
men in Decimals," Journal of Educational Research, XL 
(September, 1946), 1-ij. -
.A.nalyzes difficulties and errors in decimals. 
Guiler, w. s., "Difficulties Encountered by College Fresh-
men in Fractions,• Journal of Educational Research, 
XXXIX (October, 1945), 101-ll.5. 
Large itemized list of difficulties shown by experi-
ment and tells 'Where more emphasis needs to be placed. 
Guiler, W. S., "Difficulties in Decimals Encountered by 
Ninth-Grade Pupils," El.ementarz School Journal, 
XLVI (March, 1946), 364-93. 
Shows errers and difficulties that the school should 
inve_s tiga te. 
Guiler, lf. s., "Difficulties in Percentage Encountered by 
Ninth-Grade Pupils," Elementary School Journal, XLVI 
(June, 1946), 563-73. 
Evidence is presented showing that present methods of 
learning fractions lacks retention. 
Jolmson, J. T., "Are Ratios Fractions?" Elementary School 
Journal, XLVIII (March, 1948), 374-8. 
Studies four concepts of fractions, presenting teaching 
methods on the subject. 
Jolmson, J. T., "Can Concepts in Elementary Mathematics 
be Developed?" See Problem Concepts . 
Jo}mson, J. T., "Decimal Usage in the Occupational World," 
Journ.al of Educational Research, XXXVIlI (April, 1945), 
633-8. -
We need to abandon continued drill on some dec:iJllals, 
but at the same time appreciate their existence. 
Souder, Hugh Cowan, "The Construction and Evaluation of 
Certain Readiness Tests." See Testing Readiness. 
Wilson, Guy M<f and Charles o. Dalrymple, "Useful Fractions," 
Journal of Educational Research, XXX ( vanuary, 1937), 
341-7. -
A study of frequency of occurrence of fractions. 
Multi plication 
9 
Only those research studies dealing 1'ith the teaching of the 
multiplication facts are considred in this section. In view of the 
fact that multiplication is a definite part of the long division 
process, it is not necessary to study multiplication as such alone. 
Brownell, W. A., "Rate, Accuracy and Process in I.earning," 
See Problem Analysis. 
Burge, La.ft.on V., "Types of "Errors and Questionable Habits 
of Work in Multiplication," Elementary School Journal, 
XXXIII (November, 1932), lHS'-94. 
Considers sixty-eight types of errors in multiplication 
made by 2,577 pupils in grades four, five and six. 
Ruch, G. M., "Relative Diff'icul ty of the One Hundred 
Multiplication Facts with Special Reference to Textbook 
Construction," Elementary School Journal, XXXII 
(January, 1932), 369-77. 
The difficulties encountered in the learning process 
are different from those in the final process. 
Division 
Division is much more complex than any of the other three 
10 
basic operations. It not only involves the use of multiplication 
and subtraction, which are memory processes, but in long division 
it is necessary to estimate the quotient in advance. Since setting 
the decimal point is also a part of the division process, the division 
of decimals is given consideration in this section. 
Brueckner, L. J., and Harvey o. Melbye, "helative Diffi-
culty of Types of Examples in Di vision wi. th Two-
Figure Divisors," Journal of Educational Research, 
XXXIII (February, 1940), Lof-14. 
A good article on relative difficulty of examples 
in grades 5B and 6A. 
Dahle, Casper o., "The Verbal Thought and Overt Behavior 
in Children During 'Iheir Learning of Long Division.• 
See Problem Analysis. 
Distad, H. w., 11An Analysis of the Drill Provisions in 
Division of Decimals in Ten Arithmetic Series.• See 
Curriculum, Selection of Textbooks. 
Grossnickle, F. E., "Classification of the Estimations in 
Two Methods of Finding the Quotient in Long Division," 
Elementary School Journal, XXXII (April, 1932), 59.5-604. 
A detailed classification and analysis of estimates 
of quotients in long division. 
Grossnickle, F. E., "Comparison of Achievement of Pupils 
Who Are Good and Poor in Leaming 1'i. th a Two-Figure 
Divisor," Journal of Educational Research, XXXIV 
(January, 1941), 3~.51. 
A study of ninety-four children shows no great differ-
ence in the two groups either in native abilit,y or in 
eventual achievement. 
Grossnickle, F. E., "Constancy of Error in Learni ng 
Division with a Two-Figure Divisor," Journal of Educa-
tional Research, XXXIII (November, 1939), 189=!'9~ 
A study based on 231 pupils of. grade four indicating 
the fact that error is not constant,· but invites further 
investigation. 
Grossnickle, F. E., "Cues in Division Problems Given 
in Nine Representative Textbooks in Arithmetic," Elenen-
School Journal, XXXIII (February, 1933), 4$2-61. 
Listings of cues in divisien problems are presented 
from textbooks for grades three to six. 
Grossnickle, F. E., "Di vision Facts and Their Use in 
Estimation of Quotient Yi.th Two-Figure Divisor," 
Elementary School Journal, XLV (June, 1945), 569-74. 
Study shows the importance of the division facts for 
use in estimating the quotient. 
Grossnickle, F. E., "Estimating the Quotient by Two 
Methods in Division with a Three-Figure Divisor," 
Elementary School Journal, XXXIX (January, 1939), 352-56. 
A comparison of the relative accuracy of the apparent 
and the increase-by-one method. 
Grossnickle, F. E., "An Experiment 'With a One-Figure 
Divisor in Short and Long Division," Elementary 
School Journal, XXXIV (J!arch and April, l934), 496-506, 
590-99. 
An experiment which suggests that only the long division 
11 
form should be taught. 
Grossnickle, F. E., "An Experiment with Two Methods of Esti-
mation of the Quotient,"- Elementary School Journal, 
XXXVII (May, 1937), 668-77. 
There was no appreciative difference in the results of 
the two methods used in this experiment. 
Grossnickle, F. E., "How a Method of Scoring a Test in 
Division Affects the Score," Elementary School Journal, 
XL (January, 1940), 366-70. 
Shows that a score for coITect estimate is also 
necessary for instructional purposes. 
Grossnickle, F. E., "Kinds of Errors in Division of Deci-
mals and ·Their Constancy," Journal of Educational 
Research, :XXXVll (October, 1943), 1Io-i17. 
Identifies twenty-one different kinds of errors, some 
of which are constant. 
Grossnickle, F. E., "Me.thods of Estimating the Quotient 
in !Dng Division Used by Teacher-Training Students," 
Elementary School Journal, XXXV (February, 1935), 448-53. 
Investigation shows that some methods are much 
preferred over others. 
Grossnickle, F. E., "Practice Material in the Estimation 
of the Quotient in !Dng Division Folllld in Cun-ent 
Arithmetic Workbooks," Journal of Educational Research, 
XXVIII (May, 1935), 668-88. -
Extensive study of examples in workbooks shows need 
for improvement. 
Grossnickle, F. E., "Practice Material in the Estimation 
of the Quotient in long Division Found i n Current Text-
books," Elementary: School Journal, XXXII I (October, 
1932), . l~'o-41. 
Survey study of examples in textbooks. 
Grossnickle, F. E., 0 Some Factors Affecting a Test Score 
in Division of Decimals." See Test Scoring. 
Grossnickle, F. E., "Types of Errors in Division or 
Decimals," Elementary: School Journal, XLII (November, 
12 
19Ll), 184-94. 
A stuczy- of two hundred pupils in grades six to nine, 
showing common errors and how to avoid them. 
Holland, Henrietta, "Difficulties Involved in Long Division 
and Some Suggestions for Teaching the Proeess," Elemen-
School Journal, XLII (April, 1942), 585-96. 
Analysis of thirteen sources of di.triculty in the lor:g 
division process with valuable suggestions for the 
benefit of the learner. 
Koenker, Robert H., "Certain Characteristic Differences 
Between Excellent and Poor Achievers in Two-Figure 
Division." See Correlation with Intelligence. 
Morton, R. L., "Estimating Quotient Figures 'When Divi~ 
by Two-Place Numbers," Elementary School Journal, 
XLVIII (November, 1947), 1Li-48. · 
Suggested methods for estimating. Reconmends rounding 
numbers for greater meaning. 
cn.ander, Herbert T., and Preston E. Sharp, "Long Division 
Versus Short Division," Journal of Educational Research, 
XXVI (September, 1932), 6-11. -
Experiment with pupils in grades four to twelve showed 
greater accuracy by three-fourths of the students when 
long division was the standard method. 
Osburn, Worth J., "Levels of Dif.ficul cy in Long Di vision," 
Elementary School Journal, XLVI (April, 1946), 4L1-47. 
A detailed study survey of examples in long divisi on. 
Unrich, Louis E., Sr., "A Study of the Process of Trans-
formation with Special Fapbasis on its Application to 
the Division of Decimal Numbers," The Mathematics 
Teacher, XL (November, 1947), 34.5-W. 
Examination of transformations from one unit to another. 
Computation, Drill and Review 
13 
The question often arises as to the optimum amount of drill 
and review. A great deal of research is being conducted relative to 
14 
these important aspects of instruction. No doubt this 11as brought 
on in part by the need of the Armed Forces for speedy learning 
or review of many- fundamental operations. 
Bemis, Eaton o., and w. c. Frow, "Remedial Arithmetic 
After Two Years," Journal of Educational Research, 
XXXV (February, 1942}, 44~. 
A follow up study which indicates that remedial work 
is of little value in many cases. 
Boss, Mabel E., 11Ari thmetic, Now and Then," School and 
Society, LI (March 23, 1940), 391~92. -
A comparison of scores on the Cleveland Survey Arith-
metic Test given in St. Louis in 1916, and again in 
the year 1938. 
Braverman, Benjamin, "Does a Year's Exposure to Algebra 
Improve a Pupil's Ability in Arithmetic?" The Mathe-
matics Teacher, XXXII (November, 1939), 30:r:I2-.--
A study suggesting that algebra helps improve the 
arithmetical ability- of high school pupils. 
Brownell, w. A., and Charlotte B. Chazel, "The Effects 
of Premature Drill in Third-Grade Arithmetic," 
Journal of Educational Research, XXIX (September, 
1935}, 17-28. 
Shows that drill does not guarantee child growth for 
several given reasons. 
Chriatoffersen, B. o., and W. A. Wittich, "Navy Statistics 
and Mathematics Retention - A Challenge to the School," 
School~ Society, LVI (November 21, 1942), 502-04. 
Discusses deficiencies in arithmetic according to tests 
in Navy. Proposes refresher course in high school. 
Davis, Robert A.., and Edward J. Rood, "Remembering and 
Forgetting Arithmetical Abilities," Journal of Educa-
tional Psychology;, XXXVIII (April, 1947}, 2lo-2r.-
Reports the results of successive usage of an arith-
metic test during grades seven and eight. 
Foran, T. G., "Drill in Arithmetic," Catholic Educational 
Review, XXXI (April, 1933), 232-43. 
A summary of investigations relating to drill as well 
as a discussion of the use of drill . 
Grossnickle, F. E. , •PI-actice l.laterial in Estimation of 
the Quotient in Long Division Found in Current Text-
books ." See Division. 
Grossnickle, F. E. , "Practice Ma.terial in the Estimation 
of the Quotient in Long Division Found in Current 
Arithmetic Workbooks." See Division. 
Ouiler, W. s., and H.B. Hoffman, "Effect of Different 
Types of Mathematics Courses on Computational Ability," 
Educational Administration and Supervision, XXIX 
(November, 1943), 449-56. -
Some courses contribute more than others. Recommends 
remedial work as pa.rt of algebra. 
Harding, Lowry W., and Inez P. Bryant, "An Experimental 
Comparison of Drill and Direct Experience in Arithmetic 
Learning in a Fourth-Grade," Journal of Educational 
Research, XXXVII (January, 1944), 321-°!7. 
Reports the results of an experiment with various 
instructional procedures. 
Unrich, Louis E., Sr., "A Study of the Process of Trans-
formations with Emphasis on its Application to the 
Division of Decimal Numbers." See Division. 
Wilson, G. M., "Basic Considerations for Profitable 
Research in Arithmetic," Journal of Educational Research, 
XXXVIII (October, 1944), ll.9-23. -
A discussion of errors as a basis for research and an 
evaluation of a few research papers. 
Wilson, G. M., and Gertrude L. Hanley, ttFor Basic Drill 
in Arithmetic - What Norm or Average is Satisfactory?" 
See Test Scoring. 
Zyve, Claire, "An Experimental. Study of the Teaching of 
Arithmetic Combinations," Educational Method, XII 
(October, 1932), 16-18. 
Gives results of test comparing the effects of black-




Errors and Relative Difficulty 
Extensive studies have been made concerning the many types 
of errors in the fundamental processes and the implication with 
regard to teaching arithmetic in the elementary school. Along 
with this is the relative difficulty of the various processes ·and 
how their order in a given situation affects the difficulty. 
Berlund-Gray, Gunborg, "Difficulty of the Arithmetic 
Processes," Elementary School Journal, XL (November, 
1939), 198-203. 
The position of a process has a decided influence 
on the difficulty of the entire problem. 
Berlund-Gray, Gunborg, and Robert V. Young, "The Effect 
of Process Sequence on the Interpretation of Two-
Step Problems in Arithmetic," Journal of Educational 
Research, XXXIV (September, 1940), 21-29. 
Subtraction-addition is more difficul t than addition-
subtraction. 
Brueckner, Leo J ., and Gerold s. Laumann, "The Measure-
ment of Accuracy of Judgments of the Difficulty of 
Arithmetic Problems," Educational Method, XII 
(March, 1933), 338-45. 
Describes w.i. th reliability a technique to determine 
relative difficulty of problems. 
Brueclmer, I.eo J., and John H. Snyder, "Constancy of 
Errors to Ba.sic Facts in the Fundamental Operations 
in Arithmetic," Jounial. of Educational Research, 
XXXII (January, 1939), 3'3b-44. 
Errors are more constant in division than in other 
operations. Important for diagnosis. 
Grossnickle, F. E., and Jolm H. Snyder, "Constancy of 
Errors to Ba.sic Facts in the Fundamental Operations 
in Arithmetic," Journal of Educati onal Research, 
XXXII (Ja11uary, l939), JJl>-wi. 
Shows how the two types of errors (chance and constant) 
are related to various operations as well as to maturity. 
Guiler, W. S., "Computationa.l Errors Made by Teachers of 
Arithmetic," El.ementa~ School Journal, XXXIII 
(September, 1932), 51- 8. 
Analyzed the errors made by a group of teachers on a 
survey test 1n computational ari thmetio. 
Guiler, W. s., "Difficulties in Deo:1Jn 1 Encount red by 
Ninth-Grade Pupils," Elementacy School Journal, 
XLVI (March, 1946), JB4-93. 
A study to show where more stres needs to be plac d. 
Ouiler, w. s., "Difficulti a in Fractions Encountered 
by Ninth-Grade Pupils," Elemen ry School Journal, 
XL VI (November, 19 45) , 1116-56 • 
Borrowing and changing to common denominator prov d 
to be major difficul ti s. 
Henderson, Kenneth B., "Wenkneesee in Aritbmetic-
Teaching," Elementary School Journal, XLVI (June, 
1946), 579-81. 
A brief article based on arithmetical 1'8aknesees 
found in the .Army Air Forces. Accuracy was the first 
glari ng weakness. 
Knight, F. B., "A Report of Four Studies in Arithmetic." 
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solution of wri tt n probl m • 
Psychology and naly 1 of Prob) m o) i l 
Real probl m Bolvin 1 n t a tr 1 and r < r proo du J 
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stud nt in probl m lv nc. 
o a, 1n I nruln , .. 
XX.XV (S, pt,, mh r, 
A r,ood art d 
t an<l in mul U-
pU ntion 
l'l l 0 
XXlV 
UL of pr vi rl,l J 
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Buswell, G. T. ~ "Types of Laarning and General Conditions 
Affecting Learning," Review of Educational Research, 
n (June, 1939), 274-84. -
A review of research on the learning process. 
Dahle, Casper o., "'lbe Verbal Thought and Overt Behavior 
in Children During Th,eir Learning or long Division," 
Journal of Eltperimental Education, ll (September, 
1940) ' 1.:S. 
An elaborate study of the learning process 1'i th an 
implication in arithmetic. 
Dexter, c. E., "Analysis of Written Problems in a 
Recent Arithmetic Series." See Evaluation of Textbooks. 
Johnson, Donald M., "A Modern Account of Problem Solving," 
Psychological Bulletin, llI (April, 1944), 201-27. 
Identification and description of the essential 
processes of problem solving. 
Jolmson, Harry c., 11Problem-Solving in Arithmetic: A 
Review of the Literature," El.em.enta@ School Jounial, 
XLIV (March and April, 1944), 396- , 476-82 • 
.An import.ant summary of the various methods of 
problem solving. 
Johnson, J. T., 110n the Nature of Problem-Solving in 
Ari tbmetic," Journal of Educational Research, XLIII 
(October, 1949), 110-15. 
A study of the various factors contributing to 
problem-solving abilicy. 
Mitchell, Claude, "Problem Analysis and Problem-Solving 
in Ari tbmetic," Elementary School Journal, XXXII 
(February, 1932), 464-66. 
Study of improvement of 117 pupils in grades seven 
and eight when problems were rearranged. 
Monroe, w. w., and Yax D. Engelhart, "The Effectiveness 
of Systematic Instruction in Reading Verbal Problems 
in Arithmetic," Elementary School Journal, XXXIII 
(January, 1933), 377-Bl. 
Experiment in fifth grade to determine the value of 
specific training in reading verbal problems. 
19 
Schaaf, William L., "A Realistic Approach to Problem-
Solving in Ari tbmetic, 11 Elementary School Journal, 
XLVI (May, 1946), 494-7. 
Identifies nine aspects of problem-solving ability. 
Sutherland, Ethel, 11 0ne-Step Problem Patterns and Their 
Relation to Problem Solving in Elementary Arithmetic," 
Teachers College Record, XLIX (April, 1948), 492-93. 
An analysis of lS,ooo verbal problems in terms of 
the thoughtrpatterns involved. 
Willey, Roy D., "Arithmetical Processes Needed by Children, 11 
Elementary School Journal, XLII (March, 1942), 524-27. 
A study to determine which of the f'm1damental pro-
cesses were needed most in solving functional problems. 
Development of Concepts 
20 
The development of concepts is an essential part of the 
problem solving technique. It consists of the original knowledge 
of quantative data together with formation of mental pictures of 
the essential elements in the problem at hand. 
Bramhall, Edwin W ., "An Experimental Study of Two Types 
of Arithmetic Problems," Journal of Ex~rimental 
Education, VIII (September, 1939 );-36-3. 
There is no significant difference between the effec-
tiveness of the conventional type and the imaginative 
type problem. 
Friedman, K. c., "Time Concepts of Elementary School 
Children," Elementarz School Journal, XLIV (February, 
1944), 337-42-
An extensive study showing that time problems should 
be based on the out-of-school experience of the 
children. 
Gunderson, Agnes G., "Number Concepts Held by Seven-Year-
01.ds ." See Readiness Tests. 
Hall, Jack v., "Solving Verbal Arithmetic Problems 
Without Pencil and Paper," Elementary School Journal, 
XLVIII (December, 1947), 212-17. 
Shows great need for oral work at various levels 
of difficulty. 
Johnson, J. T., "Can Concepts in Elementary Mathematics 
Be Developed?" School Science and Ma.thematics, XLIV 
(February, 1944), 146-54. -
Common fractions should be limited to halves, fourths, 
and eighths and increase emphasis on dec:iJnals. 
Knight, F. B., "A Report of Four Studies in Arithmetic," 
Journal of Educational Research, XXX (January, 1937), 
325-40. -
Experimental study of the relative perceptual value 
of concrete number situations in primary grades. 
Van Engen, H., "An Aspect of Meanin~ in Arithmetic," 
Elementary School Journal, XLVI (January, 1946), 
272-77-
Central ideas in teaching problem-solving must be 
developed. 
White, Helen M., "Does Experience in the Situation 
Involved Affect the Solving of a Problem?" Education, 
LIV (April, 1934), 451-55. 
A study based on one thousand sixth-grade children. 
Shon value of experience. 
Improvement and Generalization 
21 
The pupil I s ability to generalize plays a very important 
part in the successful solution of problems. Along w.i. th this the 
student needs to learn to use various aids and devices to help him 
in problem-solving. Practice in these will no doubt bring improve-
ment in the solution of written problems. 
Brownell, W • .A.., "Two Kinds of Learning in Arithmetic,a 
Journal of F.d.ucational Research, XXXI (May, 1938), 656-64. 
Mastery of arit:.hmetic calls for 1 a.ming by- both repo-
tition and insight . Shows need for und rstanding ids 
to learning . 
Conner, William L., "What Materials Are Most U ful to 
Children in I.earning to Solve Problems?t1 Educational 
Method, XIII (April, 1943), 369-10 . 
Results on Stone Reasoning Test show that best probl m-
olving material comes from children's own n•ironm nt. 
Conner, William L., and Gertrude C. Hawking, "Wh.a t 
Materials Are Most Useful to Children in Learning to 
Solve Problems?" Educational Method, XVI (Octobar, 
1936) , 21-29. 
An experiment to di cover a means of improving the 
problem-solving ability- of upper-grade pupils. 
Dickey, John ., 11 'lbe Valuo of Estimating Answers to 
Arithmetic Problems and Examples," .Elementa.cy- School 
Journal, XXXV {September, 1934), 24-31. · · 
Experiment shows practice in estimating improves 
results. 
Ebert, Reuben s., "Generalization Abilities in Mathe-
matics," Journal of Educational Research, XXXIX (May, 
1946), 671-81. -
A condensed article reporting reactions to fifty-
four generalizations in arithmetic . 
Hall, Jack v., "Oral Aids to Problem...Solvinp," Elem•n-
School Journal, XLIII (December, 1942), ~20-24. 
Grades five and six reports analyzed for rapid, 
average and slow pupils. 
Hansen, C. W., "Factors Associated with Successful Achieve-
ment in Problem Solving in Sixth-Grade Arithnletic," 
Journal of Educational Research, XXXVIII (October, 
i944), l'ir-18. 
Lists many .factors and discuaeea the age ranee in which 
they are the most pronounced. 
Hendrix, Gertrude, "A New Clue to Tr nefer of Training," 
Element.aey School. Journal, XLVIII (December, 19L7), 
197-208 . 
22 
A review of the nature of generalization and the need 
for more study in this field. 
Karstens, H., "Effective Guidance in Problem-Solving," 
Mathematics Teacher, XXXIX (April, 1946), 172-75-
Shows that guidance in problem-solving is a requisite. 
Klugman, Samuel F., "Cooperative Versus Individual 
Efficiency in Problem Solving," Journal of Educa-
tional Psychology, XXXV (February, 1944);-91-ioo. 
Children working together were more successful in 





CORRELATION wrm OTHER ABILITIES 
Ability in arithmetic is closely associated with other 
knowledge and abilities. For instance, a child who comes to school 
with experience in number concepts is able to do much better work 
than the child lfho bas bad limited experience in numbers. Likewise, 
general intelligence is a primary factor in detel'Jllining ability to 
do good quality 'WOrk in arithmetic. 
General Intelligence 
For efficient instructional and scoring purposes, it is 
desirable to correlate the material with the general intelligence 
of the students. There is also a close relationship between this 
concept and readiness testing. Students learn best 1fi th material 
of optimum difficulty, so it is necessary for efficient instruction 
to tmders tand the general ability · of the students. 
Grant, Albert, "An Analysis of Number Know: }dge of 
First-Grade Pupils According to Levels of Intelli-
~ence," Journal of Ex$imental Education, VII 
(September, 1938J; 63 • 
The responses of a large number of first-grade pupils 
in a test of number knowledge. 
Grossnickle, F. E., "Comparison of Achievement of Pupils 
Who Are Good and Poor in !Barning with a Two-Figure 
Divisor." See Division. 
Koenker, Robert H., "Certain Characteristic Differences 
Between Excellent and Poor Achievers in Two-Figure 
Division," Journal of Educational Research, XXXV 
(April, 1942), 578-'Bb. 
.., 
Analysis of responses of 180 pupils on situations 
in division. 
Stevens, B. A., "Problem Solving in Arithm tic," Journ 1 
of Educational Research, XXV (April-May, 1932); 253-6o. 
Considers the interrelations of ability in silent 
reading, power in the fund.am ntals, problem solvin, 
and general intelligenc • 
Vocabulary of Arithmetic 
25 
This unit deals with the vocabulary of lem ntary aritlunetio 
used by pupils and teachers. It shows that there is a po i tiv 
correlation between vocabulary or experienc and ability to under-
stand and solve arithmetic problems. 
Brueclmer, Leo J., and Harvey O. Melbye, "Relativ Diffi-
culty of Types of Example in Division with Two-
Figure Divieors," Journal of Educational Research, 
XXXIII (February, 1940), Lol-14. 
An extensive attempt to detennine relative difficulty 
with recognition of pr vious studies . 
Ellsworth, Elmer E., "Number Experi noes of )90 Childr n 
from Grades III-VI in an Urban Ar a," Education, 
LXI (April, 1941), 485-87. 
Classified list of seventeen ar1thmet1 1 function 
in the daily lives of children. 
Foran, T. G., "The Reading of Problems 1n Arithmetic," 
Catholic Educational Review, XXXI (Decemb r, 1933), 
601-12. 
Report of difficulty of arithmetical tonns. 
Gorman, Frank II ., "The Arithmetic Vocabulary- of th 
Elementary School Teacher," El entary School Journal, 
XXXVIII (January, 1938), 373-79. 
A compari on of ari thn1 ti cal vocabulari of etudent 
and teachers. 
Johnson, H. c., "The Effect of Instruction in Mathematical 
Vocabulary upon Problem-Solving in Ari thmetic; Abstract 
of Doctor' s Dissertation," Journal of Educational 
Research, XXXVIII (October, l944), 97-iio. 
Value of vocabulary toward the improvement of problem-
solving abili'tw set forth . 
O'Rourke, Everett v., and Cyrus D. Mead, "Vocabulary 
Difficulties of Five Textbooks in Third-Grade Arith-
metic, " Elementary School Journal, XLI (May, 1941), 
683- 91. 
A study of vocabulary difficulties in certain textbooks . 
Pressey, L. c., and M. K. Elam, "The Fundamental Vocabu-
lary of Elementary-School Arithmetic," Elementary 
School Journal, XXXII (September, 1932), 46-50 .. 
A study of the social usefulness of the arithmetic 
vocabulary in four investigations . 
Russel, Ned M., "Arithmetical Concepts of Children," 
Journal of F.ducational Research, XXIX (May, 1936), 
647-63 . -
Experiment shows important evolu ti.on of concepts at 
various age levels, pre~school and primary . 
Willey, Roy DeVerl, "Vocabulary of Arithmetic in Elemen-
tary Grades," Elementary English Review, XIX (February, 
1942), 64-66. 
Arithmetic tenns used in seventy-seven classrooms 
in California with frequencies of each , ork. 
Wilson, Dorothy W. , "Teaching Denominate Numbers and 
Measures," Educational Method, XVI (January, 1937), 
177-81. 
Gives data showing knowledge of various uni ts of measure. 
Based on a group of 2,819 children and adults. 
Arithmetic in Reading Material 
26 
Another important aspect of instruction is the correlation 
with other formal subjects such as reading . In this way opportunity 
27 
is provided for learning arithmetic in a more natural situation. 
Several studies have been conducted to determine how much oppor-
tuni t.Y for learning ari tbmetic concepts are provided in the reading 
material of elementary school children. 
Gunderson, Agnes G., "Nature and Amount of Arithmetic in 
Readers for Grades I and II, n Elementary School Journal, 
XXXVI (March, 1936), 527-40. 
A study of arithmetical vocabulary in reading textbooks. 
Shows need for more correlation. 
Semmelmeyer, M., "Extensional Methods in Dealing with 
Abstractions in Reading," Elementary School Journal, 
L (September, 1949), 28-J6. 
Meaning in arithmetic suggests actual significance of 
1'0rk and also the immediate social setting. Reading 
is very important in solving arithmetic problems. 
Stamens, B. A., "Problem Solving in Arithmetic." See 
General. Intelligence. 
Treacy, J. P., "Relationship of Reading Skills to the 
Ability to Solve Arithmetic Problems," Journal. of 
Educational Research, XXXVIII ( 0c tober, 1944), Eo°-96. 
A very good research article on the need for reading 
skills. 
Wheeler, I.ester R., and Viola D., "An Experimental Study 
in learning to Read Numerals," The Ma thei .1 tics Teacher, 
XXXIII (January, 1940), 25-31. -
An experiment sholfi.ng why children can learn to read 
numbers very quickly in the first grade. 
Woody, Clifford, "Nature and Amount of Arithmetic in Types 
of Reading Material for the Elementary Schools," 
Educational Outl.ook, VI (May, 1932), 199-217. 
Reviews related studies and presents the results of 
analyses of books and materials assigned in Grades III-VIII. 
28 
CHAPTER V 
ME'IBOOO OF INS'IRUCTION 
There are a number of outstanding methods of teaching 
certain aspects of arithmetic, each of which has its own merit. 
Several methods have been studied recently in an effort to improve 
instruction. A review of the various methods of the past with 
their weaknesses together with an understanding of the prevail ing 
methods of today should be of considerable worth to any teacher of 
mathematics. 
Analysis of Teaching Methods 
The many methods of instruction are compared in this section 
together with some methods that cannot be classified in the few 
major divisions following. This also includes some of the history 
of methods of instruction. 
Brownell, w. A., "Frontiers of Educational Research in 
Arithmetic." See Weaknesses in Teaching Methods. 
Brownell, W. A., "The Place of Meaning in the Teaching 
of Arithmetic," Elementary School Journal, XLVIl 
(January, 1947), 256-65. 
A study of the develoJID.ent of meaning in arithmetic 
and its value to the child. 
Dickey, John w., "Arithmetic and Gestalt Psychology," 
Elementary School Journal, XXXIX (September, 1938), 
46-53. 
An interpretation of the signif"icance of Gestalt 
psychology for the teaching of arithmetic. 
Dickey, John W., "Readiness for Arithmetic," Klemen-
School Journal, IL (April, 1940), 592-98. 
A presentation of the research on readiness in the 
light of the methods of instruction. 
Knipp, Minnie B., "An Investigation or Experimental 
Studies Which Compare Methods of Teaching Arith-
metic, n Journal of Experimental Educa ti.on, XIII 
(September, 1944;, 23-30. 
An analysis of sixty-four experiments reported be-
tween 1911 and 1940 pertaining to methods of teaching 
arithmetic. 
LeBaron, W. A., "Study of Teachers Opinions in Methods 
of Teaching Arithmetic in the Elementary- School," 
Journal of Educational Research, XLIII (September, 1949), 
1-9. -
Opinions of teachers about fifty percent in agreement 
with research and judgment of experts. A valuable study 
for determining need for study in "WOrkshops and similar 
undertakings. 
Spitzer, Herbert F., "Abacus in the Teaching of Arith-
metic," Elementary School Journal, XLII (February, 1942), 
448-51. 
The abacus is useful in exploring number meanings and 
was an indispenable part of the equipment of arithme-
ticians for over a thousand years. 
Willey, Roy D., "Functional Arithmetic, 1893-1940; A 
Review of Typical Theoretical DiscussLm and the 
Theory to Which It Has Led," Journal of Educational 
Psychology, llXIII (February, l942), Io5-17. 
Shows decline of drill and the rise of aritlnnetic 
as a social study. 
Self Instruction 
29 
'- A number of aids and devices have been used to make it possible 
for the student to learn certain habits in arithmetic without the 
constant aid of an instructor. Among these are special rules for 
learning the fundamental combtnation I In dd! t, ori n<1 n. 
Workbooks offer anoth r opportlln t t for l,h• 
his o-wn power . 
wJ• n t tr, " rk und1 r 
Andreen, Earl P., "A Stwzy of Work.book 1 r Uim ti I}," 
Journal of Educational arch ~XXII (r t,.r,t, , r, 
1938), lolJ-22. 
An analysis of " v nty-l,h -wor I, r,)ra In r'. Uuw t, ,_ 
followed by an ex:ten lv bibl 1.orrr phy. 
Brownell, W. A., tt Th }Jl. c of 'Crutch, ' n In tr1Jc t.1.on," 
Elementary: School 1, XXXJ V (Ar,rU, 1 ') Jlt) fr)'( l '/ .. 
A tim ly artlcl" on th 
out both valu e nd 
d vier:, • 
on nlckl~, F. E., "Praot c 
o t uot tin LonP. D 
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Bramhall, Edwin w., "An Experimental Study of Two Types 
of Arithmetic Problems." See Develepment of Concepts. 
Brownell, W. A., "When Is Ari tbme tic Meaningful '1 11 Journal 
Educational Rewearch, XXXVIII (March, 194S), 481-98. 
A presentation of the meaning theory in arithmetic, 
followed by an ans,rer to some objections to teaching 
for meaning. 
Brueckner, Leo J., "Social Problems as a Basis for a 
Vitalized Arithmetic Curriculum," Journal of Experi-
mental Education, I (June, 1933)., 320-22. -
Presents a list of problems from the field of social 
science to be used in courses of study in arithmetic. 
Conner, W. L., and G. C. Hawkins, "What Materials Are Most 
Useful to Children in Learning to Solve Problems?" 
Educational Method, XVI (October, 1936), 21-29. 
Problems that children select are most useful. 
Gonnan, Frank H., "An Experiment in Integrating Seventh 
and Eighth Grade Science and Mathematics," Science 
Education, XXVII (December, 1943), 130-34. 
A comparative stud;y' of effectiveness of teaching inte-
grated mathemati9s and science. Little difference noted. 
Grossnickle, F. E., "Concepts in Social Arithmetic for the 
Eighth-Grade Level," Journal of Educational Research, 
DOC (March, 1937), 475-88. -
Examination of business concepts used .m thirteen 
textbook series. These concepts were not adequately 
provided for. 
Mactatcb;y', Josephine H., and Eugene Hummel, "Arithmetic 
with Understanding," Educational Research Bulletin, 
XXI (November 10, 1942), 227-38, 246. 
A lower grade experiment in isolating number experi-
ences and giving them preference over social uses. 
Riess, Anita, "The Meaning of the 'Meaningful Teaching of 
Arithmetic'," Elementary School-Journal, XLV (September, 
1944), 23-32. 
Very good to increase the child's insight in to the 
problem. 
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Wahlstrom, Ebba L., "The Computational Ari thmetie of 
Social Experiences of Third-Grade Children," Journal 
Educational Research, XXX (October, 1936), 175-83. 
Indicates that the arithmetic now taught in grade 
three exceeds the child's needs for addition and that 
subtraction covers most of the needs at this age. 
Willey, Roy DeVerl, "A Study of the Use of Arithmetic in 
the .Elementary Schools of Santa Clara Coun-cy-, Cali-
fornia," Journal of Educational Research, XXXVI 
(January, 1943), 33'3-65. 
Attempt to improve teaching by making 1 t interesting 
and putting it in life situations. 
Willey, Roy D., "Use of Arithmetic in the Out-of-School 
Life of Children," The Mathematics Teacher, XXXV 
(January, 1942), 23-2B. 
A story of the evolution of ari tbmetie in the out-
of-school life of children beginning with the work 
of Binet in 1890. 
Wilson, Guy M., "Criteria of the Written Problem in 
Arithmetic," Education, LIV (April, 1934), 457-60. 
A good article showing the absurdity of macy written 
problems. 
Wilson, Guy M., "The Social Utility Theory as Applied 
to Arit.bmetic: Its Research Ba.sis and Some of Its 
Implications," Journal of Educational Research, XLI 
(January, 1948), 321-37:-
Social utility theory defended as a method of 
teaching arithmetic. 
Instruction Through Co-curricular Activities 
Just as there is evidence to support the social utility 
method of instruction, there is justification for teaching some 
aspects of arithmetic through the activity program. It is 
believed that a good teacher must reap the good from all these 
methods as they apply to the situation at hand. 
32 
Harap, Henry, and Charlotte E . Mapes, "The Learning of 
Decimals in an Arithmetic Activity Program, n Journal 
£! Educational Research, XXIX (May, 1936), 686-93. 
A continuation of a very favorable experiment on 
learning decimals in socially real situations. 
Harap, Henry, and Charlotte E. Mapes, "The Learning of 
Fundamentals in an Arithmetic Activity Program," 
Elementary School Journal, XXXIV (March, 193L), 
515-25. 
Presents the results of a study showing that funda-
mentals in fractions are efficientJ.y learned when 
they arise in activity tmits in a random order without 
further practice. 
Passehl, George, "Teaching Arithmetic Through Activity 
Units," Peabo$ Journal of Education, XXVII No. 3 
(November, l9 9), 148-52:-
A classroom study showing that children can learn 
the fundamental operations in an infonnal atmosphere 
such as the activity program. 
Wheeler, Lester R., "! Comparative Study of the Diffi-
culty of learning the Multiplication Combinations," 
Peda~ogical Seminra and Journal 2!_ Genetic Psychology, 
LIX September, 19 )-;-189-206. 
Study of 342 children in the third grade llho learned 
multiplication by playing a game. 
Wealmess in Teaching Methvds 
33 
The above studies have all been of a positive nature and 
classified accordingly, but in this section entitJ.ed "weaknesses" 
an attempt has been made to include those studies which emphasize 
the low qualities of some methods. In this way it is possible to 
present a better view of the facts pertaining to methods of 
instruction. 
Grossnickle, F. E., "Illustrations in Arithmetic Text-
books," Elementary School Journal, XLVII (October, 
1946); 84-92. 
There is need for more functional pictures with more 
problems accompanying each illustration. 
Guiler, w. s., and Vernon Edwards, "An Exper,imental Study 
of Methods of Instruction in Computational Arithmetic,n 
Elementary School Journal, XLIII (February, 1943), 
353-66. 
A controlled experiment of Ll2 pupils in the upper 
grades showing abilities in which they are weak. 
Individualized group instruction is more effective 
than conventional group instruction. 
Henderson, Kenneth B., "Weaknesses in Arithmetic 
Teaching." See Computation, Drill and Review. 
MacI.e.tchy, Josephine H., "Seeing and Understanding in 
Number," Elementary School Journal, XLV (November, 
19L4), lldi-52. 
Shows that early deficiency in number continues 
unless pupils are definitely taught the facts and the 
processes of number. 
Swenson, Esther J., "Difficulty Ratings of Addition 
Facts as Related to the Learning Method, n Journal of 
Educational Research, XXXVIII (October, 1944), 81-~. 
The method of teaching has a very important part in 
the learning process. 
Tyler, Ralph W., "What the Schools Can Learn from the 
Training Programs of the Armed Forcf:..i ," Elementary 
School Journal, XLV (May, 1945), 495-502. 
Points out that the schools need to have clearer 
objectives for the students. 
Wilson, Dorothy W., "Teaching Denominate Numbers and 
Measures," Educational Method, XVI (January, 1937), 
177-81. 
Shows that usual method is time wasted. 
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CHA TER VJ 
CURRICULUM A.ND COURSES lo' S Tm Y 
. th, r th , r port Under the abov titl ar g th rd 
of research which deal with th volu ti n 
the trends of empbaei~ and th bet r1 
tbook howln 
In earlier chapters materials and m thods h v b n d, b11t 
in this chapter th ernphas1 s i on cont n t, and arr Of: m n t l.o 
facilitate instruction in th cl room. 
Tr ndl'!I on Empha is n T xtb ok 
Through th y ar nd n diff r n t ch<><Jl or thoup:h L, 
emphaeie hae be n pl c d on diff r nt p r1. of l,h arJ thm U 
curricula. A th e tr ncle 
arrive ta reasonabl b 
car ful] y o Lud l d; wo hould 
of atr on vnr ou l.op c • 
The a tudiea cover a long p riod or t.1.Jl'I , n nonu 
ck ae far ae th textbook of 1 790, o th rror of' l.h I, 
,, 
I 
ehould b quioo 'lid nt. W1th l,M oonL1nu, fol)ow up, t.h< t nd 
should b Hy 1H n. 
M tt r, Hnrry L., "Tr nd 
Topic in Ari •Jun, tic 
Journal, XXX IV (Jun , 
L Le lttml 
f1'v 
t t, n t.. on ln t 1 t' Ly 
l?)). 
n I 11 t, r1 1 ni~ p1 c; of ·J, uuroom r• , rah r,howlnf~ U 
need for a practical arithmetic course for those students 
not going beyond high school. 
Smith, Henry L., and Merrill T. Eaton, "Analysis of Arith-
metic Textbooks (Fi~st Period-1790 to 1820)," Bulletin 
of the School of Education, Vol. 18, No. 1, Bloomington, 
Indiana: Indiana University, 1942, 56 pp. 
· (Second Period-1821-1850, and Third -Period--1851-
1880), Vol. 18, No. 6, 1942, 112 PP• 
(Fourth Period-1B81-1910), Vol. 19, No. 4, 1943, 62 PP• 
(Fifth Period-1911-1940), Vol. 19, No. 6, 1943, 45 PP• 
Smith, Henry L., Merrill T. Eaton, and Kathleen Dogdale, 
"One Hundred Fifty Years of Ari tronetic Textbooks," 
Bulletin of the School of Education, Indiana University, 
Vol. XXI,No:-"I, Bloomington, Indiana: Bureau of Coop-
erative Research and Field Service, School of Educa-
tion, Indiana University, 1945, 154 pp. 
The best available factual data for a history of the 
development of arithmetic textbooks in America during 
the past 15o years. The present publication is culmi-
nation of a series of previous investigations. 
Wheat, H. G., "Change and Trends in Arithmetic Since 1910," 
Elementary School Journal, XLVII (November, 1946), 134-
44. 
A good discussion of the trend toward "meaning" for 
the child. 
Yorke, Gertrude c., "Three Studies on the 'Effect of Com-
pulsory Metric Usage," Journal of Educational Research, 
XXXVII (January, 1944), 343-51.-
Review of three studies, one her own, on the extent 
of usage of metric system in countries where it is 
legally compulsory. 
Grouping and Grade Placement of Materials 
Another important aspect of teaching arithmetic consists 
of grouping the material in such a way that it is easily under-
stood. Some processes being much more complex than others, 
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curriculum designers and textbook writers should arrange the material 
accordine to the maturity of the pupils. As the responsibility 
falls back on the teacher to arrange the material in the best possi-
ble order, teachers lfill find this contribution vital to improved 
instruction. 
BrOffllell, W. A., "Readiness and the Arithmetic Curriculum," 
Elementary School Journal, XXXVIII (January, 1938), 
344-54. 
Describes three sources of research supported by a 
lengthy bibliography. 
Brueckner, L. J., "Typical Research Relating the Curric-
ulum to Child Development," Elementary School Journal, 
XL (January, 1940), 348-6.5. 
A study of the kinds of research on child development 
as applied to curriculum building . 
Johnson, J. T., "Evaluation of Research on Gradation in 
the Field of Arithmetic," Journal of Educational 
Research, XXXVII (November, 1943),163-73. 
A review and a very extensive discussion of some of 
the results of research on grade placement in 
arithmetic. 
Osborne, Raymond W., and Harry O. Gillet, "Mental Age Is 
Important Factor in Teaching Aritbme +,ic," Nations 
Schools, XII (July, 1933), 19-24. 
Shows optimum placement of topics. 
Ra.ths, Louis E., "The Grade-Placement of Addition and 
Subtraction of Fractions," Educational Research 
Bulletin, XI (January 20, 1932), 29-38. 
Detemined mental age at which seventy-five percent 
of children mastered certain processes . 
Ruch, G. M., "Relative Difficulty of the One Hundred 
Multiplication Facts with Special Reference to Text-
book Construction.," See Multiplication. 
Ulrich, Robert P., "Grade Placement of Computational 
Topics in Arithmetic , " Elementary School Journal, 
XLII (September, 19Ll), $0-59 . 
Topics of several textbooks classified. 
Washburne, Carlton, "One Reason Children Fail in 
Arithmetic: A Committee of Seven Investigation," 
Progressive Education, IX (March, 1932), 215-223. 
Investigation eh01f8 failure is due to introducing 
material before children are ready for it. 
Washburne, Carlton, "The Teaching of Linear Measure, 
Square Measure and Time," Elementary School Journal, 
XXXIX (March, 1939), 509-23 . 
An attempt to determine the mente.1-a.ge level at 
which pupils may understand certain topics in 
arithmetic. 
' Wetherington, Julia, "Grade Placement of the Content of 
Arithmetic," Elementary School Journal, XXXVII 
(September, 1936) , Li-46. 
An analysis of ten courses of study. 
Evaluation of Textbooks 
Textbooks are often scrutinized in an effort to determine 
the books containing the best qualities . On the other hand, it 
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may be desirable to analyze a given series of textbooks to deter-
mine to just llhat extent various functions are taken care of without 
reference to comparison with other books . The studies which follow 
_ are there£ ore of varying nature, but all bear upon an analysis or 
evaluation of textbooks . 
Andreen, Earl P., "A Study of Workbooks in Arithmetic•" 
See Self Instruction. 
Brueckner, Leo J., and James A. Irving, "A Technique for 
Comparing the Difficulty of Problems in Textbooks 
in Arithmetic," Elemen~ School Journal, XXXIII 
(December, 1932), 263- • 
Gives a measuring device for textbook committees on 
relative difficulty of problems. 
Dexter, c. E., "Analysis of Written Problems in a Recent 
Arithmetic Series," Education, LXV (April, 1945), 488-90. 
Experiment showing that many problems in textbooks are 
pointless. 
Distad, H. w., "An Analysis of the Drill Provisions in 
Division of Decimals in Ten Arithmetic Series," 
Journal of Educational Research, XXVII (March, 1934), 
509-23. -
Analysis of ten series of texts published between 
1925 and 1930. Gives relative amount of space given 
to each type of problem. 
Grossnickle, F. E., "Concepts in Social Ari thme:bic for 
the Eighth-Grade Level." See Social Utility Method 
of Instruction. 
Grossnickle, F. E., "Cues in Division Problems Given in 
Nine Representative Textbooks in Arithmetic." See 
Division. 
Grossnickle, ,F. E., "Illustrations in Arithmetic Text-
books." See Weakness in Teaching Methods. 
Gunderson, Agnes G., ''Measurement in Arithmetic Text-
books for Grade Three," The Mathemat ics Teacher, 
XXXV (March, 1942), 117-IT."' -
Analysis of twelve textbooks for space given to 
measurement. 
Jaffee, Philip, "Technique for Evaluating Arithmetic 
Courses of Study," Jounial of Experimental Education, 
V (June, 1937), 351-55. -
Statements supported by research for setting up 
program. 
James, Grace E., "A Study of the Isolated Problems of 
Four Arithmetic Test Series," Educational Method, XVI 
(January, 1937), 198-99. 
Shows that many problems have little permanent value. 
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0 1Rourke, Everett v., and Cyrus D. Mead, "Vocabulary Diffi-
culties of Five Textbooks in Third-Grade Arithmetic . • 
See Vocabulary of Arithmetic . 
Stadtlander, Elizabeth, "Arithmetic Theories, A State 
Course of Study and Textbooks," Elementary School 
Journal, nr (February, 1941), 438-53. 
Analyzes five textbooks in relation to four prevailing 
theories of instruction. 
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CHAPTER VII 
TltSTING AND 'IESTING 'IECHNIQUES 
Testing is being given much more consideration in the schools 
today than formerly. We have come a long 'WRY wi.th the testing pro~ 
gram, but much remains to be accomplished in this field. A wise 
teacher will want not only to experiment for finding better 
methods, but will want also to keep up with the results of research 
in this important program. It is believed that the citations 
following will be of great help to teachers in improving testing 
techniques. 
Readiness Tests 
Testing for readiness is one of the newer concepts in the 
testing program. It consists of detennining the relative difficulty 
of various items and then correlating this with the mental and 
educational age of the pupils. Preliminary work in this field is 
already done by the textbook writers and coi_•ses of study, but 
with increased individual differences and other variable factors it 
is always necessary for teachers to consider readiness testing. 
Suggestions are presented here for devising and using readiness tests. 
Brueckner, L. J., "The Development of Readiness Tests in 
Arithmetic," Journal of Educational Research, XXXIV 
(September, 1940), 15=2'0. 
Illustrates procedures employed in devising and 
validating a readiness test. 
Brueclmer, L. J., "Developnent and Validation of an Arith-
metic Readiness Test, tt Journal of Educational Research, 
XL (March, 1947), 496-502. 
Detailed analysis of a good readiness test. 
Dickey, John W., "Readiness for Arithmetic." See Analysis 
of Teaching Methods. 
Gunderson, Agnes G., "Number Concepts Held by Seven-Year-
Olds," The Mathematics Teacher, XXXIII (January, 
1940), 18-24. 
A study of the concepts which children recall. Useful 
in detennining readiness. 
Koenker, R. H., "Arithmetic Readiness at the Kindergarten 
Isvel," See Concepts of Pre-School Children. 
Olander, Herbert, and others, "Predicting Arithmetic Achieve-
mentt" Journal of Educational Research, XLIII (September, 
1949), 66-73. -
Examination of several types of readiness tests together 
with the relationship between predicting success in 
ari t.hmetic as compared with other subjects. 
Souder, Hugh Cowan, "The Construction and Evaluation of 
Certain Readiness Tests in Common Fractions," Journal 
2.f_ Educational Research, XXXVII (October, 1943), 127-34. 
Readiness tests proven to be valuable in instruction. 
Wittich, Walter A., "A Number-Readiness Test," School 
Executive, LXI (March, 1942), ll-13. 
Describes test for first grade for det~rmining 
readiness for i terns. 
Wulf ing, Gretchen, "Maturation as a Factor in Learning," 
California Journal of Elementary Education, IV 
(February, 1936), lt'B-64. 
First half deals with reading and last half with arith-
metic readiness. Review of studies and bibliography. 
Methods of Scoring 
Scoring is certainly an important part of the total testing 
program. It has been shown that the method of scoring makes a 
deci de d difference in the r eul ts to b ob in d . Unle • th 
i s as nearly a ccur ate s possibl and we o n int rpr t it, ur 
testing program is wor thless . For th1 son xp rJm nt n 
be en conducted to help male th scor e mor m aningJ'ul . 
Gr ossnickle, F . E . , "How a Method 
Division Aff cts the Score ." S 
f Scorin 
Division . 
T , in 
Grossnickle, F. E., "Some Factors Aff t n T ~t Seo 
in Division of Decimal , " Journal of Educational 
Research, XXXVII (January, 1941), TI8-L2 • 
Test items should be arrang d and r lo,tivaly Oil y . 
Wilson, G. M. , and Gertrud L. Hanley, "For ic Drill 
in Arithmetic, What Norm or Av ra ia Si ti factory?" 
The Matheroatics Teacher, XXXIJ (A ril, 1939), 17,- 78 . 
Drill work must be perfect in ord rt~ of valu 
to the student . Nonna are unr liabl for thl w rk . 
Measuring Undorstanding 
This phaa of rnea ur m nt is qui n wand 1 aa y t not 
fully dev loped. It would certainly b wond rful j f teach r of 
mathematics could be abl to de term.in to what d Jre pu la, 
under tood and appr cia ted certain id s in r vhm tic . 01 n-
times accuracy and oth r factor con1e b tw n und rf'l 1.anding and 
the te t score . 
Spach , G. , "Teat of Abili ti in AI1 thm tic H.ea onin~, • 
El m ntary School Journal, XLVII (April, 19~7), hl1?-l1~ . 
Analysi of teB t for m armr1 n g th ch:tl d ' li.b I l j ly 
tor a on. Corr l tion i poaitiv b t~ n roaBoninv, 
and other math matical akiJla. 
Su ltz, B. . , "M uring th New r Aep c f l•'unction&l 
Ad t,hm tic, 11 El m n ry School Journal, XI.VU 
(F br ry, 1947), 323- JO . 
Improving the program in arithmetic by showing that 
old fonnal tests do not sh01J the child's appreciation 
for the subject. 
Reliability of Tests 
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Too often teachers give tests and assume that the results 
are infallible. While there are a large number of standardized 
tests on the market, it is often more practicable to give a good 
teacher-made test. Teachers then should be familiar with methods 
of detennining validity and reliability of their tests. 
Beattie, Louise, "Standardized Tests in Arithmetic," 
Educational Method, XVI (January, 1937), 175-76. 
An analysis of several good arithmetic tests. 
Brueckner, L. J., "Persistence of Error as a Factor in 
Diagnosis." See Remedial Measures. 
Individual Differences and Achievement 
Arithmetic is a subject in which individual differences is 
most pronounced. If children fail to see a given process, they are 
from that time on retarded. This makes it chaLenging to a teacher 
of arithmetic to see that the needs and abilities of all the pupils 
are cared for. 
Cruickshank, w. M., "Arithmetic Ability of Mentally 
Retarded Children," Journal of Educational Research, 
XLII (November and December,""I948), 161-70, 279-88. 
I. "Ability to Differentiate Extraneous Materials 
from Needed Arithmetic Facts." Retarded students of 
a given mental age are inferior in problem solving 
to ru,rmal children. 
TI. "Understanding Arithmetic Processes." Shows that 
mentally retarded children of a given mental age are 
not consistent in th ir soluti n • 
E>ctensive tabulation of sult of S nfor nt.. · d-
iate Arithmetic Test when given to about a quart r of 
the sixth- grade enrollment of J;ndi a . 
Engelhart, Max D. , "The Rel.at ve Contribution o C r 
Factors to Individual Diff renc in Arlthmetic 1 
Problem Solving Ability," Journ 1 of xp rim n tal 
Education, I (Septamb r , 1~32), !9-27. 
A good article of abillty of v rylng kind . 
Long, Louis D. , and Livingston Welch, 11 The Dev lo m nt of 
the Abili -cy to Di crimina te and Match Number , tt 
Pedargical Se.min;) nd J ur>nal of Oen tic P Y;:Chologz., 
Lix December, 1941 ,377-87 . -
An experiment showin that ability to di o.rimina w 
and match numbers incr aeee with age . 
Olander, Herbert, and others, "Pr dictin Arithmetic 
Achievement. " See Rad.in ss Tests . 
Wilson, o. M. , "A New Incidence of LJ1Jaming for the 
Fundamentals of Arithmetic," Jour!l8.l of Educational 
Research, XXXIII (February, 1940) , 42"5=33. 
Distribution of scores on the Wilson Addition .Pt-oces 
Teat . 
Diagnoetlc Testing 
Among the many kinds of teat· ng is diagno tic t sting, which 
consists of giving a test that is so especial:cy- deign d thllt on 
is capable of discovering specific weakn sses not d te mind by 
ordinary means . 
Bru elmer, Leo J . , "Persistence of .Error a.s Fae to 
in Dia.gnos ie, •• Educ tion, LVI (November, 19 3 5) , 140 4L • 
Shows that pupils do not make the same errors repeatedly 
on the same test; therefore, one test is usually unre-
liable. 
Brueckner, Leo J., and Mabel J. Hawkinson, "The Optimum 
Order of Arrangement of Items in a Diagnostic Test," 
Elementary School Journal, XXXIV (January, 1934), 
351-57. 
Tests should consist of four or more items of each 
type arranged in rows. 
Brueckner, Leo J., and Mary Elwell, "Reliability of 
Diagnosis of Error in Multiplication of Fractions," 
Journal of Educational Research, XXVI (November, 
1932), 17'>-85. 
Shows that at least three examples of each type is 
necessary for reliable diagnosis. 
Olander, Herbert T., "The Need for Diagnosis Testing," 
Elementary School Journal, XXXIII (June, 1933), 
736-45. 
Discusses effect on the score by method employed in 
problem solving. 
Shores, J. H., "Why Children Dislike Arithmetic," Educa-
tional Administration and Supervision, XXXII --
(September, 1946), 357~. 
Review of previous research on this important question, 
with recommendations. 
Williams, Claude L., and Ruth L. Whitaker, Diagnosis of 
Arithmetic Difficulties," Elementary School Journal, 
XXXVII (April, 1937), 592-660. 
A general report of individual diagnosis tests given 
in the upper grades. 
Remedial Measures 
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After difficulties are located, it is necessary to take 
remedial measures to correct the deficiency. Sometimes that work 
comes in the fom of review and drill in the fundamentals while on 
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other occasions it is special training which seems to lead to more 
indirect results. There is a difference of opinion as to the value 
of this work. No doubt this is an area in which more work needs 
to be done in order to show appreciable results. 
Bemis, Ea ton O., and W. C • Trow, "Remedial Arithmetic 
After Two Years," Journal of Educational Research, 
XXXV (February, 1942), 443~2. 
Reports tha. t remedial work is of less value than 
usually supposed. 
ID.air, Glenn Myers, "Remedial Arithmetic in Senior High 
School," The Mathematics Teacher, XXXVI (December, 
19 43 ) , 34o-5'o • 
Discusses the subject on the basis of a previous 
research study in 166 high schools. 
Christoffersen, R. o., and W. A. Wittich, "Navy Statis-
tics and Mathematics Retention," See Computation, 
Review and Drill. 
Guiler, W. s., and H. B. Hoffman, "Improving Computa-
tional Habits of Ninth Grade Pupils," Educational 
Administration and Supervision, XXIX (September, 
194.3}, 345-56. -
Experiment on remedial needs of a large number of 
students. 
Jacqueline, Sister Mary, o. P., "An Experi.u.tent in 
Remedial Teaching in Arithmetic, 11 Elementary School 
Journal, XLI (June, 191.il), 748-55. 
Remedial work should be interesting and very beneficial. 
Randall, Joseph H., "Corrective Arithmetic in Junior High 
School," Educational Method, XVI (January, 1937), 
182-85. 
Results of experiment in remedial arithmetic in the 




This chapter contains reports of research llhich are either 
general in scope so that they could not be rightfully classified 
under any special topic in the field of arithmetic as well as those 
dealing with research itself. Many of the titles listed below are 
those of the nature of this compilation except that they cover 
only a very limited period of time or a special aspect _of teaching 
arithmetic. A few of these studies proved useful to the author for 
the purpose of securing information about other research articles 
which were unavailable for review for this compilation. Several 
bibliographies contain a large number of titles which have been 
classified as quite important even though they do not fall into the 
category of true research. Should the reader be interested in some 
of those titles, they may be easily obtained from the following 
reports. 
Brownell, William, "Frontiers of Educational Research 
in Arithmetic," Journal of Educational Research, XL 
(January, 1947), 373-80.-
A history of research with list of problems and needs 
yet to be studied. 
Brownell, William A., "Teaching of Mathematics in Grades 
I Through VI," Review of Educational Research, XV 
(October, 1945), 276-tl!r. 
Classified review of eighty-two studies of the 
previous three years. 
Brownell, w. A., and F. E. Grossnickle, "Teaching of 
Mathematics in Grades I Through VI," Review of Educa-
tional Research, XII (October, 1942), 386-404. --
A review of 142 articles and books of research and 
otherwise . 
Brueckner, Leo J . , and others, "Arithmetic," Review of 
Educational Research, VII (December, 1937), 453=6): 
A review of research over a three year period. 
Brueckner, Leo J., and others, "Special Methods and 
Psychology of the Elementary School Subjects: Arith-
metic," Review of Educational Research, VII (December, 
1937), 453-63; lrithmetic-545-47. 
Fifty titles in arithmetic considered over a three year 
period. 
Buswell, Guy T., or Leo J. Brueckner, "Selected References 
on Elementary School Instruction: III, Arithmetic," 
Elementary School Journal, XXX.IV-L (November, 1933-49). 
This annual repor~usually by Buswell, carries a good 
bibliography of research and critical discussion 
related -oo instruction. While this is a very select 
list, the emphasis is on material -oo improve instruc-
tion and is not all true research. 
Buswell, Guy T., "Outlook for Research in Arithmetic," 
Elementary School Journal, XLVII (January, 1947), 
243-53. 
Sho,rs that much inferior material is coming out and 
challenges the field -oo recapture the spirit of true 
research. 
Douglas, H. R., and others, "Ma.thematics," R view£!_ 
Educational Research, II (February, 1932), 7-20. 
A review of a few valuable studies in mathematics, 
grades seven to twelve. 
Grossnickle, Foster E., "Still More Ado About Zero," 
Elementary School Journal, XXXIII (January, 1933), 
358-64. 
An analysis of previous articles by Dickey and Wheat 
regarding zero. 
Knipy, M. B., "An Investigation of Experimental Studies 
which Compare Methods of Teaching Arithmetic," See 
Methods. 
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Moser, Harold E., "Teaching of Mathematics in Grades 
VII and VIII, n Review of Educational Research, XV 
(October, 1945), 298-300. · 
A bibliography and review of twelve studies . 
Schribner, Margaret, "A Smmnary of Arithmetic Research," 
Educational Administration and Supervision, XXXIV 
(October, 1948), 368-72 . Part 2 of "Undergraduates 
Interpret Educational Research," by Lois Ada Wilson, 
365-76 . 
A number of ideas are covered, ranging from order of 
difficulty of fundamentals to curriculum and social 
utility methods . 
Wilson, Guy M., "Bibliography Written Problems in Arith-
metic," Education, LIV {April, 1934), 480-83 . 
Unannotated bibliography of eighty-five references . 
Woody, Clifford, "Nature and Amount of Arithmetic in 
'Iypes of Reading Va terial for the Elementary Schools . " 
See Arithmetic in Reading Materials . 
Woody, Clifford, "Ari thmetie, 11 Review of Educational 
Research, V (February, 1935), iL-30:-
'Tile literature published from October 1, 1931 to July 
1, 1934 is reviewed. 
51 
CHAPTER IX 
CONCLUDING SUMMARY AND RWOMMENDATIONS 
The number of articles appearing in print each year pertaining 
to arithmetic is increasing rapidly, but in spite of this fact, the 
number of these articles which bear the earmarks of research is by 
no means increasing. It has been discovered in reviewing numerous 
articles for this compilation that almost without exception the 
majority of the titles listed in the bibliographies bear dates 
prior to 1930. This fact indicates that fewer contributions of 
significant worth are appearing as well as the fact that the few 
studies which otherwise might be of real value are unnoticed amid the 
large volume of material of lesser importance. 
· It is believed that this present compilation should serve the 
purpose of keeping before the reader those experiments and findings 
'Which are new and of value to all concerned. While a detailed 
analysis of each piece of research is left to be accomplished by the 
coming generation, it is finnly believed that tl ~s present prelimi-
nary classification is of utmost importance to teachers and others 
interested in securing the best information regarding certain 
aspects of arithmetic. Since a large majority of the experiments 
covered in this study were conducted in the classroom situation, the 
results lend themselves most readily to classroom teaching. 
It is the contention of the writer that compilations of this 
nature in other fields of endeavor should likewise be made. It is 
also believed that future study in the field of elementary arith-
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metic would be justified. While completeness is striven for, it is 
many times impossible for the examiner to obtain and review all the 
articles which appear in less well known periodicals. For this 
reason the writer welcomes further research along these lines . At 
the same time, future study could keep the index current. 
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